recognition rate is independent of eye movement pattern, it would suggest a high level system, at least one stage after the compensation of eye movement reflection. In this case, the retinal image should be similar regardless of the recognition rate. Because eye movements are controlled by a predictive or feedforward system, it would also suggest that the early visual image is not significantly affected.
All experiments were conducted in dark room in order to avoid vection or any other effects that could be induced by background visual stimuli. Fig. 1 shows the experimental setup with actual LED message display. A HMD was not used (1) in order to use a limbus eye tracker, and (2) in order to avoid any artifacts that could be created by using a HMD. During yaw body-swing, the display remained stationary rigidly held by the subject's hands against the center of the subject's head with 40 cm separation as shown in Fig. 1 (a). Fig. 1 (b) shows the relationship between body-swing and stimuli motion directions. Subjects were required to rotate (swing) their head, upper body and the held display simultaneously at a constant frequency of 0.5 Hz, where the rotation was centered on the body's axis as shown Fig. 1 (c) . In other words, the display was stably located at the center of a plane normal to the face, even though the display was moved with a pendulumtype oscillation at 0.5 Hz in the world external coordinates. It means that the location of the subject's eyes relative to the display did not change in Still, Congruent, or Incongruent conditions. was truncated at the width of a single character in order to avoid the so called ceiling effect. If the full display area was to be used, we could perceive subjective differences in visibility/legibility between congruent and incongruent conditions. However, there might be no significant difference in recognition rates, i.e., recognition rates of almost one hundred percent could be expected in both conditions. We selected the abovementioned arrangement according to preliminary experiments. Luminescent marks were attached to the display in order to confirm its position in the dark room.
Experimental setup
The stimulus velocities were 12.8 deg/sec (Vs) and 15.6 deg/sec (Vf). Fig. 3 shows whole experimental setup including eye mark recording system. Video sequences with superimposed eye movements were used in order to confirm that the experiment was conducted correctly. A metronome was used to ensure that the body was swung at a constant frequency.
Experiment 1: visibility assessments
Experiment 1 was conducted in order to examine the recognition rate of four-digit random numbers. The numbers consisted of the numeric characters 2 to 9 without 0 and 1. There were three body swing conditions; still, yaw (congruent), and yaw (incongruent).
"Yaw (congruent)" denotes that the direction of body swing is congruent with scrolled characters, and vice versa.
Before the experiment, subjects were trained to create an active stable body swing while holding the LED display on the frontal parallel plane without head motion relative to the display. The frequency of the swing was 0.5 Hz.
In order to determine if the learning effect biased recognition capability, we conducted the experiment in the order shown in Fig. 4 . A block consisted of twentyfive trials. In order to decrease the load placed on the subjects, we performed this experiment over two days. If the learning effect was present, the recognition rate in Still condition 2 (second day) should be significantly improved compared with that in Still condition 1 (first day).
Twelve subjects participated and all were undergraduate or graduate students. Their visual acuity was normal or corrected-normal.
Experiment 2: eye movement measurements
After Experiment that of Experiment 1, except for the following differences. Each block consisted of ten trials. One half of the trials used a "no stimulus" condition, no numeric characters were presented. Appearance order of "no stimulus" condition in a block was randomized, meaning that subjects could not predict when the "no stimulus" condition would appear. This ensured that the subjects kept their perceptual set, which is defined as the expectation that they might see or perceive something based on prior experience. In this case, their perceptual set was that visual stimuli would be presented. This effect creates the possibility that the "no stimulus" eye movements in congruent and incongruent conditions could be different.
The reason why we added this condition was to determine the regular eye movements as determined by just body sway, such as vestibulo-ocular reflex (VOR).
We should take account of these effects and remove them before analyzing the eye movements induced by the scrolling characters. We defined such base eye movements induced only by the abovementioned perceptual set without visual stimuli as "offset eye movements" for simplicity in this paper.
A session consisted of 6 blocks, i.e., Still condition (Vs, Vf), Yawing condition (Vs-incongruent, Vs-congruent), and Yawing condition (Vf-incongruent, Vf-congruent).
Two sessions were conducted for each subject. In order to reduce subjects' fatigue, each subject conducted only two blocks per day.
We instructed the subjects not to blink for approximately 2 seconds (i.e., 1 cycle) before the stimulus appeared. The timing was established by the instructor's voice.
Results

Experiment 1: visibility assessments
A two-way analysis of variance (ANOVA), with the within-subject factors of Still condition (First day and Second day) and Stimulus velocity (12.8 deg/sec and 15.6 deg/sec), did not reveal a significant effect of Still condition, F(1, 11) = 4.51, n.s. or a significant interaction, F(1, 11) = 3.69, n.s., suggesting that no significant learning effect was observed in this experiment. These results clearly show that (1) the recognition rates in the incongruent conditions are always higher than those in the congruent conditions, and (2) the recognition rates in the still conditions are intermediate.
Meanwhile, subjects reported that (1) congruent tasks were more difficult than incongruent tasks, and (2) perceived scroll speeds in congruent tasks were faster than those in incongruent tasks when physical speeds were same, which matches the results reported by Koga et al.
1)-2)
.
Objective results well coincided with subjective results.
Experiment 2: eye movement measurements
Before analyzing the data, we checked the accuracy of calibration in each block and discarded 5 of the 24 blocks for all subjects. Therefore, total trial number in each condition was 5 instead of 10 in some conditions. We also estimated observers' head movements. Target display was generally centered, i.e., less than a few degrees observed throughout a cycle, confirming that the error ratio of display motion perturbated by body swing was within 15 % because the peak-to-peak amplitude of body swing was 60 degrees. However, no rapid motions were observed, confirming that stimuli motion triggered only eye movement. "correct" represents high recognition rates, above 50%, and "incorrect" represents low recognition rates, equal or less than 50%.
The VOR amplitude in congruent condition in Fig. 8 (a) was decreased. The reason may be that this task was the most difficult and the subject concentrated fully in order to read the numbers. As mentioned before, the subject experienced the perceptual set (i.e. visual stimuli would be presented). Therefore, it is considered that the offset eye movements in Congruent and Incongruent conditions differed from each other depending on task difficulty.
The results clearly suggest that eye movement control is not the primary reason for the dependency of task difficulty on the congruent/incongruent conditions. This is because the images conveyed from retina to visual cortex are similar regardless of congruent/incongruent conditions. Fig. 9 shows the exceptional cases. In the Incongruent 15.6 deg/sec condition, incorrect eye movement patterns, which were observed in two of four subjects, differed from the correct ones. The occurrence rate of this case was 14 %, i.e., 4 trials in 29 incorrect trials which were gathered in all conditions from all subjects. There is a possibility that the pursuit failure caused image blur to be captured at the retina in the slightly difficult task. Fig. 10 shows another two particular cases, in which no pursuit eye movements were observed. In these cases, however, subjects could read the numbers correctly.
Therefore, subjects' image capturing and recognition speeds could be increased, since the subjects successfully handled these relatively difficult tasks. movement patterns were similar regardless of recognition rates, except for the exception cases shown in Fig. 9 . Furthermore, all subjects had similar percepts, e.g., stimuli speeds in congruent conditions were perceived faster than those in incongruent conditions, and tasks in congruent conditions were perceived to be more difficult than those in incongruent conditions, as mentioned before. Therefore, if recognition rates and the percepts were directly modified by the eye movement pattern, which evoked by low level reflection, the result should show a clear trend in eye movements even though there were few subjects. However, the results were completely different. This suggests that eye movement patterns are modified by not only input stimuli but also top down visual systems, such as perceptual set. 
Conclusions
Fig.11
Differences between averaged amplitude before and after the stimulus onset in all conditions for all subjects. Arrows show that there were no incorrect data in these conditions.
From the aspect of engineering application, the subjective test results also clearly show that (1) . It also suggests that the congruent condition is tougher than the still condition for the human visual system to handle.
Therefore, we need to adaptively control scrolling speed based on the directions of body and/or head movement and scrolling in mobile environments.
